PNAS —'Sasaki et al. 94 (26): 14294 



PNAS Online 



http://www.pnas.org/cgi/content/full/9...&FIRSTINDEX=&volume=94&firstpage=1429 



CAU FOR PAPERS 



HOME 


1 


HELP 


1 


FEEDBACK 


1 


SUBSCRIPTIONS 




Proc. Nati Acad Set. USAMoV 94, pp. 14294-14299. December 1997 
Biochemistry 

Expression cloning of cDNA encoding a human 
P-1.3-yV-acetylglucosaminyltransferase that is 
essential for poly-/\^acetyllactosamine synthesis 

Katsiitosht Sasaki^ Kazumi Kurata-Miura'*'. Minoru Ujita^ Kiyohiko Angata^. 
Satoshi Nakagawa^ Susumu Seklne*. Tatsunari Nishi*. and Minoru Fukuda^* 

*'Tokyo Research Laboratories. Kyowa Hakko Kogyo Co., Ltd., Machida. Tokyo 
194. Japan; and ' Glycobiology Program. The Burnham Institute. La Jolla Cancer 
Research Center. La Jolla. CA 92037 



^ Abstract of this Articlft 

► Reprint (PD F) Version of this Article 
^ Similar articles found in: 

PNAS Online 

ISI Web of Sciftnn^ 

^ PubMed Citation 

► This Article has been cited by: 

other online artit^lay 

y Search Medline for articles by: 
K. || Fukuda. M 

r Search for citing articles in: 
ISI Web of Sri«nr.A(1fl) 

y Alert me when: 

new articles cite this article 

► Download t o Citation Mana p^r 



fof retitw Augus'?27.^?S97) ^orp- San Diego. CA. and approved October 27. 1997 (received 

□ ABSTRACT 

□ INTRODUCTION 

P EXPERIMENTAL PROCFni lPF*^ 
n RESULTS 

□ DISCUSSION 
D FOOTNOTES 

n ACKNOWLEDGEMENTS 
n REFERENCES 



ABSTRACT □ 

The structure and biosynthesis of polW^^acetyllactosamine display a dramatic change during development and 
oncogenesis. Poly-A^acetyllactosaminesare also modified by various carbohydrate residues, forming functional 
ohgosacchandes such as sialyl L^. Herein we describe the isolation and functional expression <tf cDNA encoding 
H-l,3-/V-acetylglucosaminyltransferase (iGnT)^n enzyme that is essential for the formation of 

''nK.A'^r®-^"^''*'^^^'"'"^ expression cloning. Burkitt lymphoma Namalwa KJM-1 cellwere transfected with 

CDNA libraries denved from human melanomaand colon carcinoma cells. Transfected Namalwa cells overexpressinfihe 
I antigen were continuously selected by fluorescence-activatedell sorting because introduced plasmids containing 
Epstein-Barrvirus replication origin can be continuously amplified as episomeSibling selection of plasmids recovered 
after the third consecutivesorting resulted in a cDNA clone that directs the increased expressioof i antigen on the 
cell surface. The deduced amino acid sequencendicates that this protein has a type 0 membrane protein topology 
found m almost all mammalian glycosyltransferases cloned to dataGnT. however, differs in having the longest 
transmembrane domainamong glycosyltransferases cloned so far. The iCnT transcripts highly expressed in fetal brain 
and kidney and adult bra.nbut expressed ubiquitously in various adult tissues. The expressioof the presumed catalytic 
domain as a fusion protein with thdgG binding domain of protein A enabled us to demonstrate thathe cDNA encodes 
iGnT. the enzyme responsible for the formatiorof GicNAcPI 3GaPl 4GlcNAc^ R structure and 
poly-/V-acetyllactosamineextension. 



INTRODUCTION 



Poly /V-acetyllactosamine is a unique cartohydrate composed oW-acetyllactosamine repeats (gJJi -»4GIcNA<Pi -» 
3;„. Poly-/V-acetyllactosaminescan be attached to /V-glycans. O-glyoans. or glycolipids and providcthe backbone 
structure for additional modifications, which ara^ery often cell-type-specific oligosaccharide structureslO-3) In 
humans, fetal erythrocytes express a linear polyyV-acetyllactosamine.GaPl 4GlcNAdJ| -»3GaPl -♦4GlcNAc-» R 
T^r.^fl^'* ^'^►'•'°'=y*«s«*P'-ess a branched poly-A^-acetyllactosamine. GaPl -» 4GlcNAd3l -»3(GaPl -»4GlcNA<Pl 
6}GaH1 -» 4GlcNAc -» R (4. 5). These poly-/V-acetyllactosamines are the determinantrfor the i and I antigen, which 
are the first human alloantigensshown to display developmental change fi. 7). For the synthesisof 
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poly-/V-acetyllactosamine, etylglucosaminyltransferase(iGnT) is esJ^^Bl for the formation of the i antigen 

(Fig. 1). When I-formingP-1,6-M^^tylglucosaminyltransferase (IGnT) isalso present with IGnT. the I antigen is 
synthesized instead ofthe i antigen ^, 8-14) . 



Fig. 1. Structure and biosynthesis of i and I antigens. The i antigen is 
synthesized by iGnT followed byP-1, 4-galactosyltransferase.The I antigen is 
converted to the I antigen by the stepwise additionof a GlcNAc Pi — > 6 and a 
GaiPl 4 residue As an alternative pathway, another IGnT adds 
P-1,6-/V-acety {glucosamine to GlcNA^I — > 3GaPl — > 4GlcNAc — » R 
precursor and this product, GIcNaPi 3(GIcNaJJi 6)GaPl -> 4GlcNAc 
-> R. is converted to GaPl -> 4GlcNAcPl 3(GaPl 4GlcNAcPl ^ 
6)GalPl 4GlcNAc R, forming I antigen @) (adapted from refs.4 and 
8H2). 



rView Larger Version of this Image (OK GIF file) ] 



In granulocytes, monocytes, and memory T lymphocytes, polyA^acetyllactosamtnes carry sialyl L^, NeuNAcOC2 — > 
3GalPl — ♦ 4(Fucocl — > 3)GlcNAc— » R, at their terminid 5). which plays a critical role in recruiting leulcocytes to 
inflammatory sites (16^19 ) and possibly when tumor cells adhereat metastatic sites 60-22 ). As an antigen specific to 
mouse embryo, stage specific embryonic antigen (SSEA)-I antigen was identifiers GaPl — > 4(Fuca1 3)GlcNAc^ 
R, which is present in poly-Af-acetyllactosa mines. By using anti-SSEA-1 antibody or oligosaccharides containing Gpn 
-4 4(Fuoa1 ^ 3)GlcNAc terminus as inhibitors, it was demonstrated that SSEA-1 mighf>articipate in adhesive events 
that are involved in compactionduring embryogenesis 23, 24 ). 

By expression cloning, we have isolated a cDNA encoding IGnT by using Chinese hamster ovary (OHO) cells containing 
polyoma large tumor antigen because CHO cells lack the I antigen 1(2). In contrast, it has been extremely difficult to 
clone cDNA encodingiGnT because this enzyme is ubiquitously present in various ceil^lthough its abundance is not 
as high as 4-galactosvltransf erased 0. 11 . 13 . 14 ). 

Recently, we have demonstrated that it is possible to clone GD3/GT3 synthase by using COS~1?GD3 cells by 
transient expressioncloning C25). COS-17GD3 cells synthesized a substantial amountof GD3 but only a small amount 
of GT3. A cDNA encoding GD3/GT3synthase could be isolated from GOS-17GD3 cells that were overexpressingDS 
and GT3 after transfection £5 ). This cloning taught usthat it is possible to clone a cDNA encoding iGnT as long as 
transfected cells become highly positive for iGnT. This is important becauseells entirely lacking the i antigen were not 
available. For this expression cloning strategy, we have selected Namalwa KJM-1 cellfehat express Epstein-Barr virus 
nuclear antigen 1 (EBNA-1 ) 66-28) . In cells expressing EBNA-1, plasmids containing the replicatioDrigin of 
Epstein-Barr virus oriP can be continuously amplifiedis episomes (29). thus allowing continuous selection of those 
cells Qverexpressing the i antigen. Herein we report this oloningtrategy., resulting in the isolation of a cDNA encoding 
iGnT, which is essential for poly-/V-acetyllactosamine synthesis. 



EXPERIMENTAL PROCEDURES □ 

Isolation of a Human iGnT cDNA Clone. 

All of the various cell lines in our hands, including COS-1 and CHO cells, were found to be positive for the i antigen. We 
thus decided to clone iGnT by overexpressing iGnT in cells wherthe i antigen was present. For this, Namalwa KJM-1, 
a human Burkitt lymphoma cell line, was used as recipient cells. cDNA librariederived from poly(AT RNA of human 
melanoma WM266-4 C26 ) and colonic carcinoma SW1 1 16(27) celt lines were constructed in pAMo vector containing 
oriP of the Epstein-Barr virus. Namalwa KJM^I cells were then transfectedrith a mixture of the above cDNA libraries 
and the transfectedcells were first selected in the presence of G41 8, because pAMelso contains a 
neomycin-resistance gene. After 13 days, the transfectedells were incubated with human anti-i antigen serum (Den; 
ref. 7) followed by fluorescein isothtocyanate-conjugated goat anti-humafgM. The i-antigen-positive cells were 
isolated by fluorescence-activatedcell sorting (EPICS Elite flow cytometer. Coulter) and culturedbr an additional 18 
days. The transfected cells were sorted twmnore times by using the same procedure. 

After the third sorting, plasmids were recovered by the Hirt orocedureBO) from those cells that were highly positive 
for the i antigen expression. Among 18 clones of 75 plasmids recoveredi clone, 16-2-12, was found to increase the 
expression of thei antigen by a factor of 7 compared with the cells transfectedi^ith pAMo containing no cDNA insert 
The cDNA in this plasmidwas sequenced by the dideoxynucleotide chain-termination metho flBI) . The cDNA insert in 
16-2-12 was digested with/Zvidlll andXmrA and cloned into iheH/ndUl and EccR\/ sites of pcDNA3.1 (Invitrogen). 
resulting in pcDNA3.1-iGnT. 

Northern Blot Analysis of Various Human Tissues. 
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Human multiple tissue Northern Biits of poly(A!) RNA were purchased from CLOnTECH. and these blots were 
hybridized with a gel-purifredcDNA insert of pcDNA3.1-iGnT or pc-DNAHGnTl2) after labelingwith [cc-^2p]^jQjp j^y 
random-oligonucleotide priming (Prime-IT 11 fabelin^it, Stratagene). 

Construction and Expression of the Protein AHGnT Fusion Vector. 

The cDNA fragment encoding the stem region plus putative catalytic domain of iGnT was prepared by PGR using 
pcDNA3.1HGnTas a template and fused with cDNA encoding a signal peptide sequencend the IgG binding domain of 
Staphylococcus aureus protein A ( 25-28 ). 5' and s' primers for this PGR are 

5 -CGGAICCACGGTCCGTGGACCAGGT-af and S^"TC GCTCGAG GGCTGAGCAGGGTCGGG-3l^ (fe/TjHI and Xhdi sites 
are underlined). The PGR product encoding amino acid residues 53-41 &f iGnT was ligated into thefe/TjHJ and Xhdi 
sites of pcDNAI-A(32). yielding plasmid pcDNA!-A?iGnTc. Plasmid pcDNAl-A an<<>cDNAI-A?iGnTc were separately 
transfected with LipofectAmine(GIBGO/BRL) into GOS-1 cells as described Q2). and 48 hr after transfect ion the 
medium was replaced with serum-free medium, macrophage-SFMGIBGO/BRL) and cultured for an additional 24 hr. 
The chimeric iGnTc secreted into the culture medium was adsorbed to IgG-Sepharos6FF (Pharmacia) and the 
enzyme bound to the beads was used asan enzyme source 03) . Alternatively, the culture medium wasconcentrated 
by 10-fold and directly used as an enzyme source. 

iGnT Assays and Product Characterization. 

iGnT assays were performed essentially as described^) except for a few modifications. In all assays, the reaction 
mixtures contained 0.1 mM UDP-pH]GlcNAc (1 x 1CP cpm/nmol), 20 mM MnC^, 5 mM ATP. and 5 mM acceptor 
oligosaccharide Jacto-A^-/7&otetraose, in a final volume of 100 ?l of 100 mM cacodylat^uffer (pH 7.0). In addition, 10 
mM /V-acetylglucosamino-1,5-lactonewas included to inhibit breakdown of products bJ^hexosaminidase(s)when the 
culture medium was used as an enzyme source. After dO-hr incubation at 37** C. 0.3 ml of QAE-Sephadex was added 
to the reaction mixture. The supernatant recovered was again mixed/ith QAE-Sephadex, and its derived supernatant 
was applied toa column (1.0 X 120 cm) of Bio-Gel P-4 equilibrated with 0.1 ^NH4HC03. The above product, purified 

after Bio-Gel P-4 gel filtration,was incubated with P-1.4-galactosyltransf erase (5 milliunits@oehringer Mannheim) in 
the same reaction mixture as describecbbdve. except that UDP-pH]GlcNAc was replaced with 0.5 mM UDP-fH]Gal 
(1 X 10^ cpm/5 nmoD.a^-Acid glycoprotein (100 ?g), desialylated by neuraminidasdreatment. was also used as an 

acceptor. To analyze its productpc^-acid glycoprotein was precipitated by adding ethanol (909{inal concentration) to 
the reaction mixture and the centrifugedand the precipitate after dissolving in 0.1 M NI^C03 was applied to a 
column (1 .0 X 27 cm) of Sephadex G-50 (superfine). Thesdaiosynthetic products were digested with jack bean 
P-/^acetylglucosaminidase.R-ga!actosidase, or endo-P-galactosidase Q5) and subjectedto Bio-Gel P-2 gel filtration 
equilibrated with 0.1 M N^HCOg. 



RESULTS D 

Isolation of a cDNA Clone that Determines the Expression of the i Antigen. 

Our preliminary results indicated that there is no cell line available that is deficient in pol;(i^acetyllactosamine 
synthesisjudging from the staining with human anti-i serum (Den; ref7) or tomato lectin, which reacts with 
poly-/^acetyllactosamine Q6). By using tomato lectin, we also attempted to isolate CHO cellthat are defective in 
iGnT without success. We thus decided tojse Namalwa KJM-1 cells that express EBNA-1 as recipient cellfor 
expression cloning. Namalwa KJM-1 cells have been used focloning of 0C-2.3-sialyltransf erase (ST3Gal IV), Fuc-TVII, 
and GD3 synthase (26-28) . Besides, plasmids containing oriP continuouslyeplicate as episomes in the presence of 
EBNA-1. This latter advantageallowed us to enrich Namalwa KJM-1 cells expressing an increasedmount of iGnT 
without isolation of plasmids from sorted celland retransfection of those plasmids into the recipient cells. 

As a source of mRNAs for construction of a cDNA library, we tested HL-60, WM266-4, and SW1 1 1 6 cells, which were 
known or shown to express the i antigen. As shown in Fig2, the expression ofthe i antigen on transfected Namalwa 
KJM-1 cells was substantiallyincreased when the cells were transfected with a mixture of cDNAbraries derived from 
WM266-4 and SW1 1 1 6. In contrast, no increaseof the i antigen expression was achieved by using HL-60 cDNA library 
(data not shown). After the third sorting, more than 50% of thiransfected cells showed increased expression of the i 
antigen (Fig. 2di, Plasmids were isolated from these Namalwa KJM-1 cellihat were highly positive for the i antigen, 
and then each clonewas tested for the ability to increase the expression of the antigen. One ofthe plasmids, 
16-2-12, directed 7 times-increasedexpression ofthe i antigen, and an unrelated plasmid, 16-2-31cJid not (Fig. 26). 
Because Namalwa KJM-1 cells endogeneously express antigen, i antigen was detected in mock-transfected cells (Fig. 
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anti-i antibody (solid lines) or PBS (dotted lines). 
rView Larger Version of this Image (OK GIF file) ! 



Fig. 2. Expression cloning of i enzyme^PPTow cytometry. £ Namalwa KJM-1 
ceils stably transfected with the WM266-4 and SW1 116 cDNAibraries were 
stained with the anti-i antibody (Den) and subjectedo three rounds of sorting 
with a fluorescence-activated celborter. The cells with strong fluorescence 
intensities indicatedby the bars were collected and subjected to the 
subsequent sorttngXt) Flow cytometric analysis of the cells transfected with 
the empty vector pAMo Oop\ a plasmid 16-2-12 harboring iGnT cDNA 
iAf/dd/e\ or an unrelated plasmid 16-2-31 Bottom) after stainingwith the 



Predicted Amino Acid Sequence of iGnT. 

The cDNA insert in plasmid 16-2-12 encoding iGnT contains an ORF predicting a protein of 415 amino acid residues 
(Fig. 3). A hydropathy plot predicts that this protein has a type II tra ns mem bra nfeopo logy, with a short cytoplasmic 
sequence at the amino terminusfollowed by the transmembrane domain, and then by the so-calledtem region and a 
large catalytic domain, which presumably residen the Golgi lumen. This topology has been found in almost all 
mammalian glycosyltransferases so far cloned 17). The iGnT is. however, characteristic in having a relatively long 
transmembrane domain that likely spans from residue 9 to residue 36, consistingf 28 residues. It is also characteristic 
in having only one basicamino acid at each end (Arg at residue 8 and His at residue STihat flanks the transmembrane 
domain. 



Fig. 3. DNA and translated amino acid sequences of iGnT. The full-length 
nucleotide and amino acid sequences of iGnT are shown. The 
signal/membrane-anchoring domain is underlined. Potential N-glycosylation 
sites are marked by asterisks. A polyadenylation signal is doublynderlined. 
The sequences are numbered relative to the translatiorinitiation site. 
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There are two potential /V-glycosylati on sites (Fig.3, asterisks). A consensus sequence for polyadenylation signal is 
present at nucleotides 1902-1907, which is probably used, judging frorthe size of mRNA (see below). No significant 
similarity was foundbetween this protein sequence and other sequences reported ithe Gene Data Bank. 

Expression of IGnT and IGnT mRNAs in human Tissues. 

To determine the expression profile of iGnT and IGnT. Northern blots of poly(AjRNA derived from various human 
tissues were hybridized with iGnTprobe followed by IGnT probe 12). A band of 2.2 kb for iGnTtranscript was detected 
in all poly(A)^ RNA isolated from various tissues (Flg.4). In fetal tissues.the signal was more prominent for poly(A^ 
RNA derived from brain and kidney than from lung or liver. Indult tissues, the signal was weaker from thymus, 
peripheral blood leukocytes, lung, and liver than the other tissues. 
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Rg. 4. Northern blot analysis of iGnT and IGnT in various human fetal and 
adult tissues. Each lane contained 2 ?g of poly(AD RNA. The same blots were 
probed by 32p-labeled iGnT cDNA (iGnT) followed by IGnT cDNA (IGnT). 



rView Lar ger Version of this Image (OK GIF file) 1 



In general, however, all of the tissues examined contained the transcript for IGnT. In contrast, the signal for IGnT was 
found only in certain tissues (Fig.4). In fetal tissues, the transcriptfor IGnT was substantially expressed in brain and 
moderately expressedin kidney and lung but was almost undetectable In liver. In adultissue, the transcript for IGnT 
was strongest in prostate, moderatein small intestine and colon, and barely detected in heart. brairHidney. and 
pancreas. In adult brain, the IGnT transcript is muchmore prominent In cerebellum than the other parts of brain. Thus, 
these results indicate that IGnT is ubiquitously expressed iwarious tissues, although its amount varies according to 
tissues, and IGnT is clearly expressed in a tissue-specific manner. 
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Expression of Catalytically Activ^RhT. 

To confirm that the cDNA isolated encodes iGnT, the sequence corresponding to the putative stem region plus 
catalytic domain, iGnTc, was fused in-frame with cDNA encoding a signal peptidend the IgG binding domain of 5. 
aureus protein A CZ5-28 X As shown in Fig. 5 A the spent medium derived from COS-1 cells transfectedvith 
pcDNAI-A?iGnTc produced PH]GlcNAcHabeledOC^-acid glycoprotein. Less than one-fifth othe product was obtained 
by using the supernatant from COS-1 celliransfected with pcDNAI-A lacking cDNA insert. The labeled produofc^as 
digested by endo-P-galactosidase. resulting in the releaseof pHjGlcNAcPl 3Gal (Fig. 50. The activity in the 
supernatant from mock-transfected GOS-1 cells was most likely due to iGnT endogenousliprxpressed in COS-1 cells 
(38). In parallel, the labeledot^-acid glycoprotein was incubated with UDP-?H]Gal and P-1.4-galactosyltransferase, and 
the resultant productwas digested by endo-P-galactosidase, releasing PH]GalPl — > 4pH]GlcNAcPl — * 3Gal (Fig. 5 6). 
The structures of these releasedoligosaccharides were deduced based on the standard oSigosaccharideand the 
substrate specificity of endo-P-galactosidase 05). To confirm that the above activity was derived from the expres sed 
enzyme, the chimeric enzyme adsorbed to IgG-Sepharose was useds an enzyme source. Fig.5fi demonstrates th«t 
the same labeled product was obtained by this enzyme but the IgG-Sepharose beads^dsorbed by the 
mock-transfected culture medium, had no activity. 

Fig. 5. Gel filtration analysis of reaction products by iGnT. GOS-1 cells wt^re 
transfected with pcDNAI-A?iGnT (solid lin^-%) or poDNAI-Adotted line), and 
the derived spent medium (4 and £f) or the enzyme adsorbed to 
igG-Sepharose (6) was used as an enzyme source. (4 and fl) The desialyla :.ed 
a^-acid glycoprotein was used as an acceptorand the product was analyzed 

by Seohadex G-50 gel filtration.(0 Bio-Ge^ P-2 gel filtration after 
endo-P-galactosidase digestionof product A obtained in>4 (solid line) or tho 
galactosylated product A (dotted line). V) Lacto-/V-A7e£7tetraose was used ns 
an acceptor and the product was analyzed by Bic -Gel P-4 gel filtratior{£) 
The product shown in Z7 (denoted by horizcntal bar) was incubatedkA^ith 
P-1,4-galactosyltransferase and UDP-PH]Gal and subjected to Bio- Gel P- 4 
gel filtration. Peaks a. b.and c denote contaminated radioactivity deriyed f om 
UDP-pH]galactose present in both experiments with (solid line) or withoUfclotted line) the acceptor. 40 Bio-Gel P- 2 
gel filtration afterendo-P-galactosidase treatment of the product obtained in9 (solid line) or the product obtained in£^ 
(dotted line). Arrows 2 and3 in Cand Fdenote the elution positions of GlcNApl 3Gal andGalPl — » 4GlcNAcPl - > 
3Ga), respectively. The products subjectedo additional analysis are shown by hori;?ontal bars. 
[View Larger Version of this Image (OK GIF file) ] 



To determine whether IGnT adds GlcNAc to/^aGetyllaGtosamine repeats^ lactoW-*/eotetr?iose was used as. an 
acceptor As shownin Fig. iGnT efficiently added GlcNAc to lacto^/7eotetraose (0.7 nmol formed from 500 nmol 
of the acceptor) and this productI^H]GlcNAdPl — * 3GaPl — * 4GlcNAcPl — i 3GaPl — * 4Glc. was convertedto pH]Gal 
Pi --^[^HlGlcNAcPl — > 3GaPl 4GlcNAcPl 3GaPl — > 4Glc by incubation with 4-galactosyltransferase anrii 
UDP-pH]Gal (Fig. 5£). The same results were obtained with the chimerioenzyme adsorbed to IgG-Sepharose beads 
(data not shown). Fromthese labeled products. pH]GlcNAcPl -4 3Gal and pH]GaiPl ^ 4pH]GlcNAcPl -> 3Gal wera 
respectively released by endo-P-galactosidase treatments (Fig.5f). 

In addition, the chimeric enzyme adsorbed to IgG-Sepharose transferreP-1.3-linked GlcNAc to GaPl — > 4Glc, but the 
IgG-Sepharose beads, adsorbed by the mock-transfected culture medium, had nactivity. No transfer of pH]GlcNAc 
was observed toward GaPl — * 3GlcNAcPl 3GaPl 4Glc (data not shown). Thus, these results indicate that iGnT 
cloned in the present study can addA^acetylglucosamine to lactose ancboth /V-acetyllactosamines attached to 
Af-glycans of a^-acid glycoproteinand lacto-A^/7&0tetraose. 
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DISCUSSION □ 

In the present study, we report the isolation of a human cDNA clone encoding iGnT. determination of its expression in 
various tissues, and demonstration of its/W wltro activity. For this cloning, we used Namalwa KJM~1 cell line as 
recipient cells fortransfection and a vector containing the replication origin oEpstein-Barr virus oriP.. Because 
Namalwa KJM-1 cells synthesizeEBNA-1. amplification of a vector containing oriP is possiblei an episomal manner. 
Because of this advantage, it was possibleto continuously enrich the transfected cells expressing an increasedmount 
of the i antigen without isolation of plasmids and reintroductioof the plasmids to recipient cells. This is an improved 
method and combination of two previous methods for cloning GD3/GT3 synthasend Fuc-TVH by using an 
overexpression protocol g5. 27)and cloning ST3Gal IV and GD3 synthase £S, 28) by using Namalwa KJM-1 cells and 
pAMo vector. 
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3^j^f iGnT has several characteristics. In par^l^r 



The predicted amino acid sequen^Kf IGnT has several characteristics. In particBTar, iGnT apparently has a longer 
transmembrane domain consisting of 28 amino acid residues than other glycosyltransfcraseso far cloned. Most other 
glycosyltransferases contain a transmembranedomain consisting of 14-24 amino acid residuesj?). As shown 
previously, the size of poly-ZV-acetyllactosamines is longer inthose attached to membrane glycoproteins than those 
attached tosecretory glycoproteins fl.)- Moreover, human chorionic gonadotropina glycoprotein acquired 
poly->V-acetyllactosamine once it becamea membrane glycoprotein by fusing with the transmembrane and cytoplasmic 
portions of vesicular stomatitis virus G protein3[8). These results strongly suggest that iGnT has a unique 
characteristic in binding to acceptor substrates, preferentially adding polyA^acetyllactosamineto membrane 
glycoproteins. Such a unique property may be related© its long transmembrane domain. The availability of iGnT cDNA 
will allow us to determine whether or not changes in its transmembrandomain alter the property of iGnT in this 
aspect. 

In previous studies, iGnt^ was detected and partially purified from human serumi OX Novikoff ascites tumor cells 13), 
and calf serum (1 jf). The substrate specificity of these enzymesare very similar to those of the cloned 'GnT, and all the 
enzymes add A^acetylglucosamine to GaPl — » 4dlcNAc. GaPl 4Glc. and GalPl — > 4GlcNAcPl — > 3GaPl — » 4Glc 
but not to GaPl ^ SGIcNAcPi — > SGaPl — * 4Glc. These results strongly suggest that the enzyme cloned in the 
present study can. initiate the synthesis of poly-A^acetyllactosamine andalso elongate poly-A^acetyllactosamine. On 
the other hand, theiGnT cloned in the present study has a predicted molecular weigh*f 47,125 for ita polypeptide, 
whereas the molecular mass of aiGnT partially purified from calf serum was found to be 70 kD4l4). If two N-glycans 
are attached to the cloned iGnT, therthe mature iGnT may have an approximate mass of 53 kDa. Thesoresults 
suggest that the ,calf serum iGnT may be different frorrthe human iGnT cloned in the present study. Alternatively. 
iGnT may contain;3 large amount ofp-glycans in addition to yV^glycans, although this possibility is unlikely judging from 
the deduced amino acid sequence. ■ • 

It has been showri that tiimor cells express more'polyA^-acetyllactosamine than normal counterparts 49^42). It has 
been also demonistrated that the activity of GnTV-is also increased in thosfeumor cells (39-41) . In parallel, iGnT was 
shown to prefer GaPl -4 4GlcNAcPl -* GManKl 6ManPl ^ R. which is formed by GnTV, as an acceptor over other 
side chains in A/-glycans <13, 43, 44). These combined results suggestthat the tumorigenic phenotype acquired by the 
introduction ofGrVTV cDNA (45) could be due to the increase of poly-^acetyllactosaminebuilt on the side chain 
synthesized by GnTV. Fliirther studies usih^he cloned iGnT will be of significance to determine whether thsicrease 
of poly-yV-acetyll4ctosai*iine, but not the increase irthe side chain formed by GnTV. is the primary cause for 
transformed pheridtype displayed by tumor cells. 



FOOTNOTES □ 

* To whom reprint requests should be addressed at: The Bumham Institute, 10901 North To.rrey Pines Road. La Jolla, 
CA 92037. e-mail? minoru@llcrF.edu 

This paper was .submitted directly (Track U) to theProceed/ngs Office. 

Abbreviations: iGnT,P-1.3-/\/-acetylgiucosaminyltransferase; IGnT. I-branch forming 
P-1.6-yV-acetylglucosaminyltransferase;R. aglycon; EBNA-1, the nuclear antigen~1 of Epstein-Barr viru^nTV, 
yV-acetylglucosaminyltransferaseV. 

Data deposition: The sequence reported in this paper has been deposited in the GenBank database (accession no. 
AF029893) . 
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